Against the backdrop of the transformation of the German energy system, a new dynamic is emerging between the previously separate economic fields of renewable energy systems, transportation, and information and communication technologies (ICT). The trend towards digitalization and interconnectivity is prompting the formation of new corporate alliances and business ideas. We argue that the increasing interactions between actors in these sectors are evidence of the emergence of a new intersectoral field. Building on concepts from neoinstitutionalism, particularly, the framework of strategic action fields (SAF), we examine the overlaps and dynamics that are arising in an exemplar of what policy makers and planners often refer to as "living labs." With help of this case study we observe the cross-field innovation activities taking place at a particular local site. Our empirical examination draws upon a four-year-long ethnography of an innovation campus in Berlin, the German capital. This case reveals the development of interdependent interests and collaborations between both different industries and between companies and academic institutions. These interconnections are built, in part, by socially skilled actors, who act as border crossers between established fields.
Introduction
Lately, one can observe the emergence of a diverse set of local innovation sites, which policy makers, planners, and engineers have dubbed "living laboratories" for research and development (R&D) [1] [2] [3] . Social scientists, however, should not understand these often locally situated public-private-partnerships exclusively as spaces of experimentation, co-creation, and invention for future technologies. We argue that living labs also give momentum to the emergence of institutional formations between formerly separate industries, disciplines, and policy areas. In this paper, we aim to examine how these micro-level innovation activities contribute to the emergence of a new field. The field in focus comes out of three, in principle, distinct innovation areas: renewable energy systems, transportation, and information and communication technologies (ICT). We draw upon a large corpus of qualitative data collected over the time of four years at an urban innovation campus.
We consider this self-declared living lab to be an example of a broader empirical phenomenon: the mushrooming of these kinds of public-private partnerships across the world, especially in Europe [4] , where the transition towards a sustainable society has become a pivotal issue for policy makers. Setting up sites of experimentation as test beds for sociotechnical innovations appears to be a popular solution for achieving this goal [5] . A number of such collaborative initiatives are deliberately set up between established industries and disciplines in order to facilitate and foster intersectoral stimulation [6, 7] . With regard to sustainability, the co-evolutionary transformation of both energy systems and transportation has stayed at the top of green growth and climate change mitigation agendas [8] [9] [10] [11] . Social scientists have studied a variety of recent developments, in particular the state-driven attempts to transform national energy and transportation systems [12] [13] [14] .
A profound transformation is currently underway in global energy supply systems. Since the ratification of the 2016 Paris climate treaty and even earlier, the majority of industrialized and emerging countries have striven to transform daily life and economic activity to achieve environmental goals. However, in many countries established structures prevail or co-exist with new alliances around low-carbon technologies. Governments throughout the world attempt to reconcile energy transitions with powerful http://dx.doi.org/10.1016/j.erss.2017.02.003 2214-6296/© 2017 Elsevier Ltd. All rights reserved. incumbent industries, whose success is considered by policy makers to be synonymous with the viability of the overall national economy.
The urban innovation campus we have been studying represents a particularly enlightening setting for not only analyzing field emergence but also the German sociotechnical imaginaries related to sustainability with their manifold tensions [15] . On the one hand, both the German government and the German population see themselves as pioneers; after all, the government has abandoned nuclear energy and the country has a remarkably strong environmental movement by international standards [16] . On the other hand, many experts see Germany as dominated by incumbent industries. As an export-oriented economy with a high share of energy-intensive manufacturing businesses, Germany has found it difficult to implement the energy transition [17] . A similar problem seems to impede change among automobile manufacturers, who adhere to their still successful strategy, which hinges on exporting gasoline-demanding premium cars [18] . Added to this, Germany has an intertwined and hierarchical system of energy producers and users, which is already under pressure due to the volatility of renewable energy generation capacities and their uneven distribution [19] .
In this paper, we focus on a particular kind of "sociotechnical niche" [20] , an urban site of innovation designed to foster and promote the convergence between formerly separate industries. The campus is located in Berlin, the German capital, where the notion of an arguably game-changing Energiewende (energy transition) has dominated both the policy debates and the media discourse for years. We analyze the local dynamics, strategies, and negotiation processes at the campus based on expert interviews, participant observation and document analysis. In our opinion, this spatially confined niche provides an interface between renewable energy systems, transportation, and ICT -revealing both moments of convergence and of conflict. Due to the digitalization of electricity, transport, and communication, industrial actors with divergent product cycles, industrial logics, and innovation cultures are colliding in collaborative settings. Based on the guiding concept of what the actors refer to as "mobility-to-grid," 1 ; an institutional framework was constructed, thus allowing actors from different industries and academia to collaborate.
Conceptually, we integrate the theory of strategic action fields (SAF) [21, 22] with the approach of local innovation sites to capture the early processes of field emergence by looking at the particular actors' strategies and interactions in order to conceptualize these interactions on an organizational, rather than on a technological or discursive level. We argue that the increasingly dense interactions between three formerly disparate areas should be read as evidence for the emergence of a new intersectoral field.
This prompts a series of questions from an economic and technological perspective, which in turn allows us to draw some initial conclusions about the dynamics that are present when new fields are established or existing fields are restructured. Specifically, we would like to know: How does the local experimental context enable and shape the interaction between actors from largely separate economic sectors, namely renewable energy systems, transportation, and ICT? How do players in this emerging field view and evaluate this entanglement, especially their relationships with competitors and partners? What strategies do new and established companies from various industries utilize? Finally, can we identify a common conception of an intersectoral field beyond the confines of the innovation campus, and if so, what does it look like?
Strategic action fields and field emergence

Approaches to sociotechnical transitions
In this article, we study the emergence of a new field caused by transitions in neighboring fields and the development of new strategic interests and collaborations between actors from these fields. In most current studies on energy transitions such dynamics have been framed in terms of sociotechnical niches [23, 24] . The multi-level perspective (MLP) on technological transitions views such incubation spaces [25: 400] , which are protected from economic competition, as a starting point for radical innovations [26, 20, 27] . From this perspective, technological transitions can only be understood by analyzing niches in close proximity to stabilized regimes. These stabilized regimes are defined as the dominant "rule-set of grammar" [28: 338] , and are embedded in routines, technological artifacts and social networks, as well as macro-level sociotechnical landscapes, which consist of "technology-external factors" and "deep structural trends" [29: 1260] . These technologyexternal factors can include, inter alia, political decisions, economic development, environmental changes, and the like. In the study of transition processes, this threefold approach has become the most fruitful and widely used framework to study the emergence and change of sociotechnical arrangements. Our analysis connects to this body of literature insofar as we investigate societal, political, and economic developments in a -spatially defined -technological niche and relate such developments to larger institutional settings. We also build on the work on "multi-regime interactions" [30, 31] , which lays emphasis on the interrelated transformation dynamics on different levels on different sectors. In a similar vein, we are interested in the interactions and dynamics between at least three different sociotechnical domains: renewable energy systems, transportation, and ICT.
However, the MLP comes with certain caveats that limit its applicability for conducting an actor-centered analysis, which we propose for answering our research questions. A number of scholars have criticized the MLP for lacking a systematic and explicit "account for power, agency and general political economy phenomena" [32: 265] . Geels and others have addressed the issues of power and agency, among other criticisms, in their recent work [33] [34] [35] . However, most MLP-studies still focus on dynamics and interactions between relatively disembodied niches and regimes -not on socially skilled actors and their concrete actions. While this seems to be rather unproblematic when it comes to explaining longue durée transitions from one regime to another [12, 36, 30] , it proves an obstacle for studying the emergence of new arenas of social action. We react to these conceptual shortcomings by applying the theory of SAF to capture the strategies of the actors involved in the creation of these new arenas, taking into account the current phenomenon of laboratory sites of innovation.
From organizational fields to strategic action fields
When approaching intersectoral dynamics in terms of actors, strategies and agency, the first question that needs to be addressed is how to conceptualize a pre-commercial niche. Scholars in organization studies have examined domains of institutionally connected actors as "organizational fields" [37] [38] [39] . DiMaggio and Powell define organizational fields as "sets of organizations that, in the aggregate, constitute an area of institutional life" [37: 148] . These networks of organizations are reproduced and stabilized by common "meaning systems" [40: 57-59] . Such systems of meaning constitute the boundaries of an organizational field, within which appropriate behaviors, affiliations, and relationships between different organizational communities are defined [41: 165] .
In recent years, relevant conceptual debates have increasingly revolved around the possibilities for structural change, as observed in the energy transition field, and the configuration of new field-like organization networks [42] [43] [44] . Hinings et al. have defined change as the transition from one inscribed and legitimized pattern of practices to another [43: 304] , arguing that organizational fields are based on compliance with implicit ("taken-for-granted") rules and standards. In a pre-commercial niche, however, at least some of the institutional elements have not yet been developed. When studying emerging fields, such fields should therefore not be identified based on tangible manifestations of organized coalitions but rather based on the increasing informational exchange and interaction density between previously disparate organizations and actors. Hoffman [45: 352] suggests three indicators, which we use as the basis for our empirical analysis: (1) "the extent to which certain organizations interact" (2) "an increase in the information load which they share" and (3) "the development of a mutual awareness that they are involved in a common debate." As our empirical research will reveal, within the period of investigation the campus experienced a strong increase and intensification of activities, including setting up cross-sectoral collaborations in research and business.
In our study, we further bring into focus the strategic interests of the actors and the tensions immanent in an emerging technological field. This perspective has been promoted in recent years by U.S. economic sociologists Fligstein and McAdam [21, 22] in their theory of strategic action fields. SAFs are meso-level social orders that are typically characterized by the antagonism between incumbents who possess a privileged position in the field and challengers who "recognize the nature of the field" but "usually articulate an alternative vision of the field and their position in it" [45: 11] . The fields cannot be clearly distinguished from one other, nor do they exist independently of the perceptions and definitions of the actors that are considered part of them. Fligstein and McAdam use the metaphor of the matryoshka -nested Russian wooden dolls -to illustrate that each SAF is ultimately composed of other, smaller SAFs that relate to each other in very different and often hierarchical ways [22: 58] .
In their programmatic essay, Fligstein and McAdam differentiate between three field states: (1) "unorganized or emerging" (2) "organized and stable but changing" and (3) "organized and unstable and open to transformation" [21: 11] . They define emergenti.e. not yet stabilized and hence relatively anarchic -SAFs as an "arena occupied by two or more actors whose actions are oriented to each other, but where agreement over the basic conditions of the SAF has yet to emerge" [21, 22] . These frames may hence act as a "social space where rules do not yet exist, but where actors, by virtue of emerging, dependent interests, are being forced increasingly to take one another into account in their action" [21, 22] . In the case study analysis in Sections 4 and 5 we empirically investigate whether or not the orienting and reference towards one another actually "takes place" at the innovation campus, and how actors perceive this development.
A prominent factor of our investigation are skilled social actors who are considered central to the emergence of a new field, since they create arenas for exchange and cooperation between different social groups, perform translation work, and produce new cultural "frames" for a field [21: 7-8] . In our empirical account, we illustrate how these skilled social actors, who are border crossers travelling in different cultural and institutional worlds, constitute and shape an emerging intersectoral field. To change institutional structures permanently, actors must act as "institutional entrepreneurs" [46] . This is particularly successful when the central actors in the process identify opportunities that have perhaps emerged from processes of change and upheaval within established fields, "to align one's account with the dominant orders of worth in the field, thereby convincing powerful actors to accept one's account as convention" [47: 1089].
Integrating the laboratory setting into the theory of strategic action fields
One of the places where policy makers, entrepreneurs and researchers facilitate and encourage this kind of border crossing is pilot projects and public-private-partnerships in which sustainable technologies are developed, tested and demonstrated. Recently, a host of such test beds and "real-world experiments" [48] have popped up in various innovation fields. Such experiments are persistent, open-ended irritations of existing markets, actor constellations and industrial cultures. Gross [49: 614] points towards the unique features of real-world experiments that distinguish them from the kind of experimentation taking place in conventional laboratories. Government-sponsored testing sites could be seen as "a special (micro) case of the corresponding large-scale experiment happening in society." So called "bounded socio-technical experiments" (BSTE) "attempt to introduce a new technology, service, or a social arrangement on a small scale . . . carried out by a coalition of diverse actors and (are) driven by longterm and large-scale visions of advancing society's sustainability agenda" [50: 191] .
However, little attention in research is given to the importance of concrete localities where these innovation activities happen and knowledge is produced and distributed [51] . Especially due to the increasing decentralization of energy supply systems, the role and impact of local innovation settings are on the rise. As experiments of any kind take place in a certain locale, the search for novel formations often starts here. These protected spaces constitute niches in an otherwise highly structured system [52] . Such analyses regard these sites neither as laboratories in the traditional sense nor as sites of mere political justification for large-scale public investments. To them, such places can be seen as "urban laboratories" [4] or "living laboratories" [3] that seek "to transform a part of the city into a laboratory by saturating it with monitors and sensors, relay stations and social engagement processes" [53: 6] . 2 Such experimental niches stay away from market pressures, since actors usually set them up to provide a proof of concept before scaling up.
We argue that the material locations where sociotechnical reconfigurations take place also play a crucial role in the formation of a new field. They not only prompt the creation of new knowledge and practices; they also lend them authority and universality [54] [55] [56] . For instance, laboratories for research and development are not only authoritative centers of legitimate knowledge, they can also act as venues for events and encounters that can bring new fields to life. Conferences, fairs, competitions, workshops, discussion forums and presentations of prototypes can be understood as "field-configuring events" [57] . At the innovation campus under investigation, they take place frequently and constitute an important business factor for the campus management, on the one hand, and enable companies located at the site to set up their own events, on the other. At such "early stage events," people from different contexts come together for a limited period of time to consciously and purposefully lay the foundations for a new field [58] . For this reason, it makes sense to take a look at the local dynamics and strategies of the actors present at a single location.
In this section, we have outlined our conceptual understanding of the campus as the formation site of an intersectoral SAF between the fields of renewable energy systems, transportation, and ICT. At this site, one can observe processes of convergence and information exchange as if they were under a "magnifying glass." Although our investigation is limited to a single case study, and we therefore cannot generalize our findings to the development of entire industries, our observations of this specific site still reveal in-depth empirical material, as we will show in the following. To do so, we will emphasize three factors for the emergence of a new field and which guide our empirical investigation: 1. global conditions and local platform testing; 2. perceived interdependent interests; 3. socially skilled actors as border crossers.
Methods
Recognizing the plurality and diversity of existing demonstration projects, we have selected this empirical case study to underpin our research with in-depth qualitative empirical data [59] . We draw on this distinct case because we see the campus as a representative of the larger test bed phenomenon that has proliferated in many different places in the energy transition context lately, as we mentioned in the introduction. The innovation campus has hosted among others two distinct research projects 3 in which we were engaged as project partners. One took place from mid-2013 through mid-2016, the other started in March 2013 and is still running. Being part of the collaborative projects and also being located on site enabled us to gather a wealth of empirical data covering the period in total from 2013 until 2016. This paper builds on three major data sources: First, being in charge of participatory observations in the research projects enabled us to participate in project meetings on a regular basis, in events like group workshops as well as to have smaller, also informal talks with project members. Consequently, we were granted the chance to collect different kinds of empirical material over a four-year period. Considering the fact that the actors' motivations, internal power relations and collaboration experiences cannot be studied from "the outside," our methodological approach of what we call "field embedded research" offers unique and valuable data for understanding the mechanisms and functions of innovation sites practically "in the making." This approach pays respect to the fact that the potentially disruptive nature of technical and organizational innovations in the empirical field requires a new understanding of participatory research. It brings the researcherat least temporarily -into a "frontier position" within the respective field, which demands a heightened awareness of this position and additional methodological rigor [60] . Overall, this strategy to access the field proved especially useful for mapping and understanding the local innovation dynamics, negotiation processes and interactional practices in collaborative initiatives.
A second source of data comes from 49 interviews with the relevant actors at the campus that derive from the two research projects that back our analysis: Out of these 49 interviews, 19 were carried out within the project "D3 Micro Smart Grid EUREF" between 2014 and mid-2015 as semi-structured, narrative-generating interviews [61, 62] . We selected our interviewees from a list of about 70 companies and research facilities located on site (as of 2015) to cover the range of different branches, of different organizational sizes, and to include long-term tenants as well as newcomers. The interviewees included senior scientists, managers, and management personnel who are responsible for strategic decisions within companies in the renewable energy systems, transportation, and ICT sectors, including both new start-ups and established market actors. The other 30 interviews were conducted as part of the research project "Research campus Mobility2Grid" with key actors in the different thematic fields of the project. The interviews were conducted from 2013 to 2015 and designed as a two-point longitudinal study. But as responsibilities and personnel shifted and changed to a large extent in the initial stages of the project, only ten out of 14 interviews from the first phase could be interviewed again in the second phase. Therefore, six new project members were interviewed in the second phase. 4 And finally, we collected and analyzed documents covering press releases and further communication materials, websites, project proposals, and presentations from various meetings. Among others, fruitful sources of data included minutes and reports documenting the project progress, which we analyzed focusing on explanations and reasons for deficits and delays indicating collaboration obstacles.
Our analysis of these different types of data was informed by content analysis and a grounded theory approach [63, 64] . Using a combination of deductive and inductive methods, a first set of codes was derived from our interest areas and the theoretical background. Throughout the coding process, the code list was expanded continuously and iteratively based on the empirical data [65] . We coded for the actors' motives and interests in being part of the campus community (expectations and experiences), collaborations and interactions on the site (including conflicts and challenges), their perceptions of the technology and technological development (technological outcomes and obstacles), and their perspectives on the respective field of research and current challenges. Data organization and categorization were supported by using Maxqda software. Since all available documents and the interviews transcriptions are in German, the quotations added in this article have been translated into English.
Introduction to the case study
With the aim of fostering the creation of a "smart city district of the future," an area of Berlin has been developed as a business and research site to further the energy transition since 2006. An investor purchased the area of a former gas storage facility in 2007. The site contains a historic gasometer that defines the site's external appearance along with some redbrick buildings that are preserved as sites of historic interest. The preservation of existing buildings and the conversion of the former industrial site was driven by the vision of creating a platform for all questions regarding energy. Several new buildings have been built in recent years. Plans are afoot to power the entire location with wind turbines, solar photovoltaic systems and biogas-powered cogeneration units to ensure that it is mostly CO 2 neutral. A scalable micro smart grid -a decentralized, intelligent power grid -is projected to connect individual renewable energy sources to each other using ICT [66] .
The campus is a place of work and demonstration as well as a laboratory and a research subject for various private and publically funded projects. Here, science and industry work cooperatively in the thematic cluster of renewable energy systems, transportation, and ICT. In recent years, numerous start-ups, small-and medium-sized enterprises, research institutions and branches of larger German but also international companies have opened facilities at the site. Moreover, the site also hosts an incubator to promote start-ups with sustainable business concepts. In total (as of the end of 2016) more than 100 companies and research facilities with nearly 2000 employees are located on the campus. Within the time period covered by our empirical research, the campus experienced a growth phase that was characterized by extensive expansion in terms of construction activities, settlements of new tenants, and the start of different research projects and collaborative initiatives [67] .
All in all, we observed a densification of activities that led to an increase, first, of interaction between organizations and, second, in the information load which they share, according to Hoffman's analytical indicators [45: 352] as presented in Chapter 2.2. In most cases, the organizations are loosely connected due to their involvement in the thematic clusters mentioned above. In addition, they are also linked directly through their joint work in various, mostly publically funded, projects. Despite divergent expectations about the development of the field, the theme "mobility-to-grid" functions as a guiding vision on the campus and within the different projects. It serves as a point of intersection or bridge between the present and future by unleashing a normative power to nurture the site's development process [68] .
The emergence of mobility-to-grid
Global conditions and local testing platform
Before we turn our focus towards the campus dynamics we aim to emphasize that the emerging intersectoral mobility-to-grid SAF should be seen in the context of global developments in environmental policy. It is important to understand the actors' strategies and the origin of the innovation campus against the backdrop of particular contextual conditions that work in both ways. They foster competition and increase pressure for companies to innovate. At the same time, they create increasingly favorable conditions for intersectoral activities since they open up room for maneuver and give new impetus for innovative products and business models.
The trend towards decarbonization and sustainability across all areas of consumption and production creates favorable conditions for linking the formerly separated fields of renewable energy systems and transportation. Climate scientists unanimously agree that in order to curb the greenhouse effect and the associated changes in the climate, we need to dramatically reduce carbon dioxide (CO 2 ) emissions, amounting to an almost complete decarbonization by 2050 [11] . Achieving this goal implies reinventing the main pillars of all economies: energy, production, and transport. The transport sector presents one of the greatest challenges to decarbonization. As it stands, the transport sector in the OECD countries is responsible for over a quarter of their current CO 2 -emissions [69] . According to some engineers, electric vehicles could potentially fill this gap, a notion that is supported by some early simulations and pilot projects [70] , creating another link between the two fields. There have been initial tests with various technologies and usage scenarios, and the integration of electric vehicles as productive elements in a future "smart grid" is being tested in federally funded showcase projects on electric mobility [71] such as the one in focus.
In Germany, electric mobility is now explicitly framed as a necessary component, as a "key" to the energy transition. The latest report from the National Platform for Electric Mobility (NPE), an association of leading representatives from politics, business and science, has emphasized this synergy potential:
Worldwide, electric mobility is a key to a climate-friendly transformation of mobility, and in Germany it is a part of the energy transition... In the future, electric vehicles will be able to use their energy storage capacity to compensate for the fluctuations in wind and solar power (smart grid), thus supporting the development and market integration of these volatile sources of energy.
[72: 3,own translation]
The benefits that electric vehicles could offer in the switch to renewable energy sources range from the short-term stabilization of distribution networks to the comprehensive provision of storage capacities to enable individual "vehicle-to-home" solutions [73] . In this context, companies and city planners have been discussing service-based "on demand" and "sharing" business models. However, this is based on a fundamental shift from the car as a private vehicle to a product that is offered by a professional provider as part of a service. The consequences of this change for vehicle manufacturers and the transport industry as a whole would be significant. The demand for cars to meet mobility needs could decrease, but at the same time additional services would have to be offered in order to integrate the various modes of transport and interconnect them with the power grid [74] .
The envisaged usage scenarios and business models presume that these will largely be made possible through the use of advanced ICT. The development of market-ready ICT within mobility-to-grid projects is therefore essential for the emergence of the intersectoral field. They ought to make it easier for the users to access transport services in general and facilitate an easy connection between different forms of transport. 5 Smartphones can play a key role here: they not only deliver the necessary real-time information but also serve as a ticket, access key, and personal assistant in all transport situations and as a charging remote control. ICT -which operates in the background and without being noticed by the user -facilitates the integration of different modes of transport and the linking of transport and electricity suppliers. This enables network operators and electricity suppliers to develop smart home and smart grid models [75, 76] . The coupling and integration of the previously separate electricity and transport sectors will only be possible if smart grids can synchronize complex data.
We want to emphasize here that information and communications technologies possess their own catalytic function for the merging of historically separate sectors. They do so by making it possible to radically reduce the interaction costs of cross-sectoral cooperation and by providing user interfaces that are simple, yet flexible. Digital media primarily act as access technologies for users, and in the background, they act as bridges between the different operators. They thus have the potential, via compatible nexuses, to act as a common technical docking position for representatives of the two sectors -both the electricity and the transport sector -and may hence play a key role in the emergence of a new SAF. This is particularly evident in local mobility-to-grid pilot projects, as the following quotation shows:
And at the end of the day there is the question:, Are there any automotive or energy people at all doing business there? Because at the end of the day the core skills are always networking services in the 5 More recently companies from the ICT sector have been increasingly active in mobility-to-grid projects and have become more important on the examined innovation campus. As Fligstein and McAdam [22: 69] have already pointed out, these actors' innovative power has a great influence on both existing and newly emerging fields: "The innovations emanating from various stakeholders (transform) the existing order and their own position in an imperceptible way."
Innovation processes always happen in specific places. Therefore, we turn the focus to the micro-level analysis of the strategies that the actors involved in this process use to stake their claim in the emerging field. We argue that the local spaces of engagement are sites where "specific pasts and presents get connected as well as where global and local temporalities need to find arrangements" [77: 194-95] . Although, global goals like decarbonization, electrification and sustainability provide increasingly favorable conditions, as we have shown in the beginning of this section, there exist neither a defined market nor viable business models for most of the technical solutions and concepts developed by on-site actors to integrate electric vehicles into smart grids. The technologies have not yet reached the market maturity stage. Although our interviewees have expressed their hope for future applicability, overall they perceive it as an "uncultivated field" for which viable business ideas have yet to be developed:
"But the issue of smart grids is just still so uncultivated, this field that one may still get involved in designing them, in contrast to other areas, where, due to the market situation with the few companies that exist, there is relatively limited leeway." (I3) Therefore, we consider the new field as an open space for action, which offers opportunities to bring sectors together but at the same time remains a space where interests collide and organizational decisions have to be made.
Perceived interdependent interests
In the following section, we elaborate on this tension by shedding light on the different actors' interests towards this, what we call, open space for action and their motivations for being part of the particular living lab, respectively in how far they subscribe to the guiding "mobility-to-grid" vision of the campus. On the one hand, it allows actors from previously separate sectors to participate in developing the new field, although they do not share ideas about its core. On the other hand, the actors have divergent expectations and pursue different strategies, which they deploy to influence the direction and development of the field. Following Hoffman [45: 352] , our empirical observations show that the interactions between the actors are becoming increasingly dense and that the awareness of participating in a joint debate is prevalent. The representatives of the various sectors on campus exchange information in both formal and informal ways. They cooperate within joint research projects and react to one another: "they want to be there when innovation is happening, perhaps even get to know and understand innovations" (I4), said one interviewee when explaining the engagement of major corporations in the projects.
At the same time, they are competing for interpretative power and for the limited resources in the new arena. The actors from each of the sectors are proceeding from very different expectations and assumptions about the field's future, which are strongly influenced by their individual core competencies. To gain this power, they try to steer the meaning of the field's development either in one direction -"that this overarching consideration on the part of energy providers is actually the decisive one" (I3) -or in the other direction -"that the vehicles are indeed a more important storage medium to test the whole thing" (I5). Taking heterogeneity into account, experimentation as it happens in living lab settings such as the innovation campus entails negotiation of diverse expectations of possible futures, as well as the "remaking of social relations across chains of actors involved in or influenced by transitions in socio-technical regimes" [5: 5] .
In some cases, the actors' apparent openness is revealed to be a strategy of patient observation of the developments that occur in the process of field emergence. The actors register that something new is happening in this area and want to participate in it, without being the drivers themselves. Here a difference between the sectors can be observed. While digitalization and actors within the ICT field act as a catalyst for the emergence of the mobility-togrid field, the traditional incumbents in the energy and mobility sector have adopted a "wait and see" approach, with the exception of some smaller innovation projects. At the same time, given the eroding business models in the automotive and energy industries, as well as the investment and expectation uncertainties these sectors currently face, there is a need to undertake massive reorganization in these very areas. The principal drivers of such shifts are proactive changes of corporate focus rather than political decisions, as described in the previous section:
"That determines our complete corporate focus, just as it does for all other energy companies, because the business models only partially work the way they did 20 years ago, and need to be completely changed. So it has extremely serious implications because the energy market is completely changing, and we have to adapt as well." (I6)
For the constellation of actors in the mobility-to-grid field, the two-faced character of their openness to further development becomes apparent in the tension between cooperation and competition. Since there are no individual actors that can systematically provide complete solutions to integrate electric vehicles into smart grids, further technological developments depend on the cooperation between heterogeneous actors. "They say I want energy here and now, I want heat, and I also want cars, and I want it all to be regenerative. At the moment, no one can provide this. One party only ever has this, and so, and the site should be a type of exercise, and as is always the case, because there's no one who can do it, we'll do it ourselves." (I1)
We argue that in this early stage of technology development, the cooperation is ascribed such great importance due to the emergence of the new SAF marking the beginnings of an intersectoral convergence of the energy and mobility fields. While the electric mobility SAF or the technological niche described by Bakker et al. [23] as the "car of the future" represent new subunits within established fields or market areas, the mobility-to-grid SAF emerges between several previously separated fields. In the current phase of field emergence, interaction between actors with different, fieldspecific types of knowledge appears to be a necessary condition. In this process, individual new technologies -considered to be "basic innovations" -could serve as a starting point for developing complementary interests, as the following quote shows: ". . . and then others come and say, okay, now maybe you can connect the lamp there and control it with that thing. Then the next person comes and says, I have a kind of parking sensor in development here that we can attach on the top there right away. . . . Things like this come together and you say, hey, great, now different things are growing together." (I4)
Competition was a theme that repeatedly arose in the interviews, especially when direct competitors are participating in the same or similar projects. This can be illustrated by the example of the establishment of a collective rights company. The founding of the new company was a necessary condition for receiving public funds. In this instance, although there are currently no specific business models, expectations of the future recoverability of cooperation income makes competition a topical issue. The result was that one of the project partners backed out of the contract shortly before the company was founded.
Our interviews also revealed a latent fear among the "smaller" partners of "being sitting ducks" (I4) and of being "blown away" by larger companies, as one interviewee from a start-up reported:
"We are small. . . . So you can just blow us away in a short period of time with decent money and decent resources. And as a founder you have enormous respect for that. Because we live from innovation and speed and certainly not from the fact that we can do things with large, deep pockets behind the backs of people who really want to do that." (I4) Some of the smaller businesses and start-ups on the campus have the integration of renewable energy systems, transportation, and ICT at the very core of their business models. Thus, they act as accelerators for the emergence of the new field. Their participation in joint projects on the campus provides them an opportunity to cooperate with other businesses and attract investments. Yet, it also harbors the danger that they get forced out of the market if the larger companies pick up their ideas.
The diverging interests in terms of business prospects points to the deep-seated tension between smaller and larger companies referring to size, power, and resources. In many of the interviews, the actors touched upon the time-related challenges that are inherent factors in innovation processes. To the some companies, the innovation campus bears the risk that competitors can become aware of the latest developments merely due to proximity. These firms are willing to take this risk for the benefits that comes with the proximity: A spatially defined area may support the coordination and synchronization of time-shifted innovation cycles, e.g. by participating in joint R&D projects that are conducted on the site.
Hence, the campus reveals the tension between cooperation and competition an experimental niche entails. Fligstein and McAdam consider reaching a common understanding of the boundaries and rules of the field an essential characteristic of a SAF. As we observed in our four-year-period of participant observation, this often seemed difficult to achieve, because of the ambiguity the actors experienced in their shifting roles, seeing other companies, in some instances, as collaborators and, in other instances, as competitors. The analysis of our interview material indicates that developing a more stable understanding of their relationships is a prerequisite for the actors to consider themselves part of an emerging field. Therefore, at this early stage of field development, the social construction of a field does not take place based on a common view of the field; instead, a preliminary consolidation takes place based on the repeated interactions between the heterogeneous actors across boundaries that would not have taken place otherwise.
Socially skilled actors as border crossers and interfaces
In addition to the development of interdependent interests and an intensification of interactions, we find another type of enablers for the emergence of a new field in our data: We call them "border crossers." Borders as fundamental orientations of a social and symbolic order do not represent stabilized and permanent solutions but are, instead, constantly redrawn through processes of stabilization and destabilization. With regard to the management of borders, "border crossers" are needed, actors who know and understand the requirements of different social worlds [78, 79] . These socially skilled actors help facilitating cooperation by providing meaning to others, helping them to "attain ends" [80: 113] . They are socially skilled in the sense that they are "better at attaining cooperation than others" [80] , because they can make sense of particular situations and produce shared meanings. We understand border-crossers to be actors who are not attributable to the traditional fields of renewable energy systems, transportation, and ICT but who move simultaneously within several sectors and act as intermediaries between them. When a new SAF emerges, border crossers play a pivotal role by doing a kind of translation work and bringing together actors from different fields. In this sense, border crossers are very similar to the socially skilled actors introduced by Fligstein and McAdam; however, their special quality is that they assume an important interface function between existing SAFs.
Border crossers can be individuals, organizations and companies, or networks. We conceive of these actors as a specific type of institutional entrepreneur [46] . We argue that these actors are needed to mediate between the perceptions and logics of stakeholders' different orientations. They speak the stakeholders' different languages, are familiar with their different reputation systems, and look for ways to align competing goals. The skill of getting others to cooperate by focusing on "evolving collective ends" [80: 16] is a crucial feature when we take the actors' diversity into account. On the campus, border crossers derive their particular importance for cross-field cooperation processes from the heterogeneity of the actors, who present diverging individual structures, work with different reference systems and have varying organizational structures and production cycles:
"There are three sectors that are in there, which plan quite differently, which are aligned differently, which differ in the way they think, in their time scales and this is the major challenge. . . Energy economists often plan in decades, and even now that is still fixed in their heads." (I2)
To emphasize the role of border crossers for the emergence of an intersectoral field, it is necessary to highlight the particular characteristics of the involved sectors that impede integration. Aligning the periods and speeds in which different sectors plan and operate are essential for the development of intersectoral innovations. Yet, the renewable energy, transportation, and ICT sectors differ significantly in their respective innovation cycles. With the energy transition and the goal of an energy architecture organized in a decentralized manner, the energy companies face a decline in planning and investment security, which is currently supported by a centralized structure. The industry perceives itself as facing a new kind of innovation and pressure to change because renewable energies have become more relevant and substituted fossil fired power plants more and more. At the same time, new flexible players have come up to challenge the established energy market [81] . In contrast to this, the automotive industry has traditionally been more driven by (incremental) innovation, not least because it has to constantly assert its position on the international market. Nonetheless with production times of a few years, the innovation cycle of a new vehicle is still comparatively long compared to the speed at which the ICT industry puts out a new generation of smartphones.
Border crossers have the ability to bring together various actors from these different sectors. In fact, many of our interviewees involved in collaborative projects located on the campus report that such border crossers made the initial contact with the other partners and were the reason for their entry into the new field.
"I don't know how the project or the idea came to be; I only know that we were approached by our partners at [border crossing organization]. . . 'There's something in this, have a look it."' (I9)
The joint projects provide opportunities for companies, research institutions and other social actors from different sectors to connect, and constitute an arena of exchange. In most cases, the projects are funded by the regional and/or national government as part of their efforts to realize the energy transition and promote sustainability. In accordance with the objective to bring together actors from different sectors and disciplines, the funding guidelines of the projects require transdisciplinary cooperation. If stabilization occurs (e.g. by research results, successful business models), these projects could become the nucleus for the emergence of a new field.
"And it makes sense for such projects like [project name] to prepare a chart on which each partner identifies its action area. . . . And so far the projects we've established here are really always so versatile that you can expand them in every direction" (I1).
In contrast, for the companies coming from the adjacent fields, engaging in these projects does not mean fundamentally changing the company's strategy but instead offers the opportunity to tap into new business areas.
"For example, electric mobility was an issue that started on a small scale, where we had to learn through the projects how a charging station works, where do you get them. . . . And from that a business can develop. Today we have products related to charging infrastructure that we distribute throughout Europe." (I4)
Hurdles for cooperation not only derive from sectoral differences but also but also from different organizational structures, e.g. when we look at international corporations and start-ups in our case. Unlike start-ups, which often occupy niches in between established players, corporations use intersectoral project networks as trial runs for the future expansion of their businesses into new fields, without having to leave their existing field.
"As a solution provider for energy management and all that, the result is of course that we can contribute a lot of hardware here. . . So that's how we got into the whole thing, through our core competencies." (I3)
In keeping with this, those working in intersectoral technology development projects are often not located in the core areas of the corporations but in separate innovation departments. These units and individuals often have an unclear status within the company, which expresses the inherent tension between the core business and the development of new areas of activity.
"Because I am in such a special situation, in a solitary position within the company, because I'm the only one specifically dealing with the issues of the energy transition and I'm busy with only that, maybe that's why I have a different point of view from the majority of employees." (I7)
The necessary trial-and-error process and the short-to mediumterm orientations in the development of business fields run contrary to the long-term logics of some company structures, which executives from other industries consider lethargic. In these cases, laboratory settings can provide space for testing and engaging on a small scale and in a rather short period of time. From our data we also learn that it is highly beneficial that the border crossers are also located on the campus and that they have been part of it from the constitutional phase onwards. They have been engaged in the site's development and have participated in a substantive way in the creation of a guiding vision. An organization's engagement in setting up demonstration projects is often based on mere assumptions and expectations towards future developments, which function as "narrative infrastructures" [14: 1361] to bridge the present and the future status, e.g. by conducting pioneering projects. The concept of test fields and experimental settings is even based on the existence and production of expectations; the basic idea and character of living labs is to show and demonstrate something new that has not yet proven to work on a large societal scale. One company representative expresses the hope to use the urban context "as a test or implementation environment for many of these technologies and subjects . . . at least in the way we present it externally, perhaps not carry it out quite so" (I8).
Regardless of their position in other areas of activity, when companies are acting in arenas from which new fields can emerge, they first have to find their place. Large corporations that act in several thematically related business fields are particularly well placed to participate in the emergence of a new field, either with several divisions simultaneously or with different divisions over time. One company in our sample illustrates these "search and restructuring processes" [82: 265] very effectively: Initially, its research activities on campus related to the charging station business, but it dropped this focus over time and adopted a new focus that involved building a mobility platform and the electrification of buses.
Taking these findings seriously, we argue that studies of SAFs should give greater consideration to the internal structure and focus of a company when observing the emergence of new fields. If cross-sectoral projects are understood as test runs for the emergence of new SAFs, depicting the stakeholders as closed entities is insufficient. In this respect, the schematic juxtaposition of challengers and incumbents is simplistic. In some areas, an opposition of this kind may well be a valid description. 6 However, in order to describe the emergence of a new field, a dichotomous perspective of this kind does not suffice but needs to trace socially skilled actors who are more mobile than others, which allows them to cross boundaries between sectors or within a company and to induce cooperation. After all, we should not forget that companies are simultaneously active through their various divisions and departments in several, mostly interconnected or neighboring business fields. They may occupy different positions in the hierarchy of each of these fields -but, from an actor-centered perspective, this diversification of the portfolio is an action strategy aimed at mutual observation and participation.
Conclusion
In this article, we have looked at signs pointing to the emergence of a new field at the intersection of the three fields of renewable energy systems, transportation, and ICT. We did so by analyzing the local context of an urban innovation campus. Although electric mobility has not yet been a resounding success in Germany and the transition to an energy system based on renewable resources remains a highly competitive terrain, our research indicates that interdependent interests between actors from different sectors are evolving due to increasingly favorable context conditions for intersectoral activities. Employing Fligstein and McAdam's strategic action fields approach and reflections on the analysis of processes of field emergence [45] , we have suggested that a new SAF is forming, in which companies and research institutions increasingly refer to one other across the boundaries of their traditional sectors. Practices of collective understanding and heterogeneous collaboration are developing -even if they are still timid and subject to failure. Against this background, we summarize the results and reflect upon the policy implications of these findings:
Global conditions and local testing platform: At the local level, a number of actors has conceived a living lab coming out of a public-private partnership, or state-supported project alliance, which these companies and academic institutions want to become the nucleus of a new intersectoral field. This site provides a platform for heterogeneous cooperation at a specific location. The living lab setting institutionalizes an arena of exchange and experimentation that allows the actors involved to "move into the unknown" and to use the "unavoidable failures or mishaps as a basis for learning" [49: 618] without immediately facing market pressure. Intense communication and joint events between partners from different sectors and disciplines help create an atmosphere of innovation and co-operation, even though, this does not happen automatically.
Perceived interdependent interests: The ultimate direction of the intersectoral field will depend on which actors prevail and what order and rules the field will have. Whether a hierarchy or a coalition will emerge depends, among other things, on how resources including power, knowledge, and money are distributed. However, both a hierarchy and a coalition would imply a stabilization of the field. Until this occurs, a situation of instability, disorganization and conflict may well arise, which could also last for a longer period of time [22: 75] . In this context of uncertainty, new and established actors are currently observing and converging with each other, as we have shown.
The emerging intersectoral field marked by the umbrella term of "mobility-to-grid" is characterized by a tension between cooperation and competition and presents itself to the actors as an open space for action, the development of which they try to influence with different strategies. Depending on their industry, the actors bring diverse ideas to the technological development process and try to influence the development of the field accordingly.
Thus, the living lab not only allows for experimentation and data collection on various aspects of the connection between mobility and energy by using ICT but also sets the stage for the competition between differing frames and views of the field. The development of interdependent interests is a necessary condition for the emergence of a new SAF, but this interdependence does not bring about a shared understanding.
Socially skilled actors as border crossers: The initiators of such projects are often socially skillful players whom we call border crossers, because they operate between different sectors and act as intermediaries. They know established sectors as well as emerging fields, so they are able to translate between different organizational and epistemic cultures. With the support of border crossers, common places, such as the campus we investigated, open up a space for the exchange of information and interaction between heterogeneous actors.
Policy implications: With more and more countries aiming to increase the share of renewable energies to their national energy supply and the growing diffusion of electric vehicles, the ties between mobility and energy will become even stronger in the future. The foundations of how these ties are going to look are laid out in living labs like the innovation campus we studied. Therefore, it is crucial not only for scholars but also for businesses and policy makers to pay close attention to the developments in these arenas. The living lab of today might become be the new strategic action field of tomorrow -with all kinds of path-dependencies. New challenges for science and innovation policy emerge from these experiences: As has been demonstrated, such living labs are constituted under conditions of severe uncertainty, especially in regards to cooperation models for the sectors involved and their individual ways of thinking, but also in terms of valid scientific evidence and new business models. Thus experimental spaces must be made available in which truly new models of cooperation between heterogeneous actors can be tested. The consequences are not limited to science and innovation policy, which must create a steering model that offers such spaces room between openness and a focus on results. It also concerns the financing formats for statesponsored research and innovation funding that has to take partial failure into account. One could even go so far as to suspend explicit legal framework conditions that play a significant role in the energy and transport transformation, especially, in order to sound out new paths. This would, however, also require radical rethinking within science policy and an overall willingness to bid farewell to supposed guarantees. 
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